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Purpose: Aortic blebs--focal outpouchings within aortic aneurysms--may contribute to 
their eventual rupture. In this study we determine the incidence of aortic blebs and describe 
their microscopic features. 
Methods: Computed tomographic scans of the abdominal orta were obtained in 188 
patients with aortic diameters measuring >3 can and were independently evaluated by a 
radiologist. The number and location ofblebs were recorded, and each was measttred with 
calipers. Sixteen blebs, with an adjacent uninvolved aneurysmal segment of aorta, and 
tissue from two patients with ruptured aneurysms were examined by light microscopy and 
irumunohistochemical analysis. Specimens from six blebs and five aneurysms were 
examined for ~z 1 (I) procollagen messenger RNA by in situ hybridization. 
Results: Twenty blebs, ranging in size from 5 to 30 mm (mean, 12 + 7 mm), were detected 
in 11% (20 of 188) of computed tomographic s ans. Blebs were observed in 10% (11 of 
111) of patients with aortic diameters between 3.0 and 4.9 cm, 10% (6 of 61) of patients 
with aneurysms between 5.0 and 6.9 cm, and 19% (3 of 16) of patients with aortic 
diameters >7 cm. Histologically, the major difference between the aneurysmal ortic wall 
and blebs was found in the media. In aneurysmal ortas, the media consisted of multiple 
layers of fragmented elastic lamellae, whereas the number of elastic tissue elements along 
the circumference of the blebs progressively decreased; only a few isolated fragments of 
elastic tissue were present at the apices. Histologic evidence of rupture was evident in two 
specimens. A chronic inflammatory cell infiltrate composed of T and B lymphocytes, 
plasma cells, and macrophages, common to both the aneurysms and the blebs, was most 
prominent in the adventitia of aneurysmal tissue, but involved both the media and 
adventitia of the blebs. In situ hybridization demonstrated the pr sence of ~ 1 (I) 
procollagen messenger RNA in four of the five aneurysm segments that were evaluated, 
compared with only one of six blebs. 
Conclusions: Blebs were discovered inaneurysms ofall sizes; their frequency appeared to be 
unrelated to aneurysm size. The presence of inflammatory cell infiltrates and absence of 
1 (I) procollagen messenger RNA in five of six blebs suggest that a local imbalance of 
matrix degradation and repair plays a role in the cause of these lesions. Attenuation of the 
aortic wall accompanying the formation of blebs may predispose these sites to rupture. 
(J Vasc Surg 1996;24:93-101.) 
A number of etiologic factors, including aneurysm 
size and geometry, hypertension, chronic lung dis- 
ease, prolonged immunosuppression, a d an imbal- 
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ance in protease or its inhibitor activity, have been 
implicated in the expansion or rupture of  abdominal 
aortic aneurysms (AAA). 1-8 Although each factor, 
alone or in combination, may contribute to the loss of 
integrity of the aortic wall and, as a consequence, 
contribute to a progressive increase in the diameter of 
the aorta, the final events that portend rupture are 
unexplained. We have previously described aortic 
blebs, which are focal saccular outpouchings within 
the walls of aneurysms; they may represent potential 
sites for aneurysm rupture. 9 
The incidence and causes of aortic blebs are 
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Fig. 1. Contrast-enhanced CT scan demonstrates large calcified bleb on right posterior lateral 
wall of aneurysm. 
unknown. This study was undertaken to determine 
the frequency of aortic blebs as detected by computed 
tomographic (CT) examination of patients with aor- 
tic aneurysms and to define more clearly the nature 
and extent of  the inflammatory cell infiltrate observed 
in such lesions. Specimens were obtained for analysis 
at the time of aneurysm repair. 
MATERIALS AND METHODS 
The CT scans of all patients with infrarenal aortic 
diameters of 3 cm or greater over a 30-month pe- 
riod were independently evaluated by a radiologist 
(S. H. S.). A bleb was defined as an outpouching or 
diverticulum of the aorta at a location other than the 
origin of a known branch. Initially, the technique for 
CT image acquisition used i-era-thick sections at 
2-cm intervals. Because most blebs are small (5 to 30 
mm), however, we modified our technique, obtaining 
I-era-thick sections at 1-cm intervals of the infrarenal 
aorta. The anteroposterior and transverse aortic di- 
ameters and the locations, numbers, and sizes ofblebs 
were recorded for each patient. The patients were 
divided into three groups according to the largest 
dimension of their aneurysms: 3.0 to 4.9 cm, 5.0 to 
6.9 cm, and 7.0 cm or greater. 
Representative blebs, including portions of the 
adjoining aneurysmal ortic wall, were obtained from 
16 patients who underwent aneurysmectomy. The 
specimens were fixed in 10% buffered formaldehyde, 
embedded in paraffin, and stained with hematoxylin- 
eosin, Masson's trichrome, and van Gieson stains. To 
examine the potential relationship between blebs and 
aneurysm rupture, specimens from the sites of rup- 
ture were obtained from 10 patients and examined in 
a similar fashion. Mthough none of the patients with 
ruptured aneurysms was known to have blebs before 
surgery, one patient was discovered to have an intact 
bleb adjacent to the site of rupture. 
Operative specimens from five patients with blebs, 
five patients with aortic aneurysms without blebs, and 
five patients with occlusive disease were further ex- 
amined in blinded fashion with immunohistochemi- 
cal stains for the presence of T and B lymphocytes 
and macrophages. Formalin-fixed paraffin-embedded 
tissue sections of six blebs and five aneurysms were 
submitted for in situ hybridization with a probe for 
1 (I) procollagen messenger RNA (mRNA). 
IMMUNOHISTO CHEMISTRY 
The cell t3,pe-specific monoclonal antibodies to 
leucocyte common antigen (CD45) T lymphocytes 
(CD43), B lymphocytes (CD20), and macrophages 
(CD68) were obtained from Dako Inc. (Carpenteria, 
Calif.). 
Four-micrometer-thick sections were deparaffi- 
nized in xylene and dehydrated with alcohol. The tis- 
sue samples then were rinsed in phosphate-buffered 
saline solution (PBS) and incubated with the mono- 
clonal antibodies. After rinsing with PBS, the speci- 
mens were incubated with the biotin-conjugated sec- 
ondary antibody, streptavidin horseradish peroxidase. 
Amino ethyl carbazole was used as the chromogen. 
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Table I. Incidence and size of aortic blebs 
Aneurysms Blebs 
Aortic diameter (cm) n Mean diameter (cm) n (%) Size (ram) 
3.0 to 4.9 111 3.8-+ 0.5 11 (10) 11 + 5 
5.0 to 6.9 61 5.5 + 0.5 6 (10) 15-+9 
7.0 to 10 16 7.9 + 0.9 3 (19) 9 +2 
Data expressed as mean _+ SD. 
Table II. Comparison between aneurysmal ortic tissue and blebs 
Constituents ofaortic wall Aneurysms Blebs 
Elastic lamellae ++++ Occasional 
Collagcn ++ ++ 
Inflammatory cell infiltrate Adventitia Adventitia/media 
Lymphocytes T & B T & B 
Macrophages + + 
Type I procollagen (mRNA) I I I I Occasional 
In situ hybridization was performed on paraffin- 
embedded tissue samples. To minimize ribonuclease 
contamination, the first five to 10 sections were cut 
and discarded from each block. Sections (5 gm) were 
cut and placed on Superfrost Plus slides (Fisher 
Scientific; Pittsburgh), deparaffmized in xylene, de- 
hydrated through graded ethanols, and rehydrated in 
PBS. All sections then were treated with nuclcase-free 
proteinase K 1 gg/ml (Sigma; St. Louis) to loosen the 
constraints ofintracellular cross-links caused by alde- 
hyde fixation and subsequently were treated with 
anhydride to reduce potential nonspecific binding 
sites. Sections were covered with hybridization buffer 
25 to 60 gl containing 50% deionized formamide, 
2 x saline sodium citrate buffer (1 x saline sodium 
citrate is 150 mmol/L sodium chloride, 15 mmol/L 
sodium citrate, pH 7.0), 20 mmol/L Tris-HC1, pH 
8.0 10x Denhardt's solution, 1 mmol/L ethylenedi- 
aminetetraacetic a id, 10% dextran sulfate, I00 
mmol/L dithiothreitol, yeast RNA 0.5 mg/ml, and 
2.5 x 104 cpm/gl of sulfur 35-labeled RNA probe. 
To retain the hybridization solution, sections were 
covered with a strip of paraffin and incubated at 55 ° C 
for 18 hours in a humidified chamber. Sense and 
antisense probes for c~ 1 (I) procollagen were prepared 
in the presence of [35S]uridine triphosphate asprevi- 
ously described. 1°
After hybridization, the slides were washed under 
stringent conditions as described. Nonspecific bind- 
ing was minimized by incubating slides in 0.5 mol/L 
sodium chloride, 10 mmol/L tris HCI (pH 8.0), and 
1 mmol/L ethylenediaminetetraacetic acid contain- 
ing 20 btg/ml ribonuclease-A at 37 ° C for 30 minutes. 
Washed slides were dipped in Kodak NTB-2 emulsion 
(Eastman Kodak, Rochester, N.Y.) and processed for 
autoradiography. After an exposure of 7 to 21 days, 
the photographic emulsions were developed and the 
slides stained with hematoxylin-eosin. 
RESULTS 
Incidence of aortic blebs in aneurysms. One 
hundred eighty-eight aneurysms, ranging in size from 
3.0 to 10.0 cm (mean, 4.7 _+ 1.3 cm), were evaluated. 
One hundred eleven were between 3.0 and 4.9 cm in 
diameter, 61 were between 5.0 and 6.9 cm, and 16 
were ___7 cm. Twenty blebs, ranging in size from 5 to 
30 mm (mean, 12 + 7 mm), were detccted in11% (20 
of 188) of CT examinations: 10% ofaneurysms <5.0 
cm, 10% of aneurysms 5.0 to 6.9 cm, and 19% of 
aneurysms >7 cm. The frequency and size ofblebs for 
cach aneurysm size are listed in Table I. No statistical 
correlation existed betwecn aneurysm size and the 
incidence ofblebs (Fisher's Exact Test). A typical bleb 
is displayed in Fig. 1. The origin of the inferior 
mesenteric artery, which may be mistaken for a bleb, 
especially on uncnhanccd CT scans, is shown in Fig. 2. 
The aorta between the renal arteries and the 
bifurcation was arbitrarily divided into three seg- 
ments. Nine blcbs were identified in the upper third of 
the aneurysm wall, nine in the middle third, and two 
in the lower third. The blebs in larger ancurysms were 
more likely to be located in the upper section at the 
junction between the undilated aortic wall and the 
aneurysm. 
Histologic haracteristics of aortic blebs versus 
aneurysms. Histologically, the segment of aneurys- 
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Fig. 2. Contrast-enhanced CT scan shows inferior mesenteric art ry. 
mal wall adjacent to the bleb was characterized by 
atherosclerotic intimal plaque, thrombus, and mul- 
tiple layers of fragmented medial elastic lamellae. A 
chronic inflammatory cell infiltrate, consisting of T 
and B lymphocytes, plasma cells, and macrophages, 
was also present. The lymphocytes often formed 
follicles, which were located predominantly in the 
adventitia and only occasionally involved the media. 
Macrophages were scattered throughout the intima 
(Table II). 
A characteristic bleb excised at surgery is demon- 
strated in Fig. 3. Unlike the adjacent aneurysmal 
aortic wall, blebs were characterized by a progressive 
decrease in the number of medial elastic tissue ele- 
ments along the circumference of the blebs. No 
identifiable lastic lamellae were recognizable, and 
only scattered fragments of elastic fibers were ob- 
served at the apex of the blebs (Fig. 4). In two 
patients, microscopic evidence of rupture was present. 
A lymphocytic infiltrate similar to that seen in the 
aneurysmal aorta involved both the adventitia and the 
media of the blebs. Hemosiderin-containing mac- 
rophages and plasma cells were scattered throughout 
the adventitia and media. Capillaries were observed in 
the media of blebs adjacent to the inflammatory cell
infiltrate (Fig. 5). In comparison, only a sparse inflam- 
matory cell infiltrate of lymphocytes and lipid-laden 
macrophages was observed in aortic tissue evaluated 
from patients with occlusive disease. 
Expression of 0~ 1 (I) procollagen mRNA was 
demonstrated by in situ hybridization i four of five 
aortic sections of AAA tissue, whereas no hybridiza- 
tion of the collagen probe was observed in five of six 
specimens that contained blebs. Representative s c- 
tions demonstrating i  situ hybridization i an aneu- 
rysm, occlusive plaque, and the absence of binding in 
a bleb are shown in Figs. 6, 7, and 8, respectively. The 
signal in the one positive bleb was similar to that 
observed in the aneurysms (not shown). 
The presumed site of rupture was sufficiently 
intact o permit histologic examination i  two of the 
10 patients with ruptured aneurysms. In the remain- 
ing eight patients, extensive damage to the aortic wall 
and the surrounding hematoma obscured the mor- 
phologic pathologic details. Chronic inflammatory 
cells were present in the adventitia of the aortic wall 
adjacent to the site of rupture. The site of rupture in 
both instances was characterized bydisruption of the 
media with hematoma extending into the adventitia. 
Polymorphonuclear leukocytes infiltrated the media 
in proximity to the site of rupture. 
DISCUSSION 
Rupture remains the major cause of complications 
and death in patients with AA_As; mortality rates range 
between i5% and 70%. The average mortality rate for 
patients with ruptured aneurysms remains at 50%. 11-1 
The identification of etiologic factors that might 
portend rupture is therefore of both fundamental and 
clinical importance. 
Although the size of an aneurysm and possibly the 
area ofthrombus within it may contribute to rupture, 
the events that immediately precede rupture are not 
well understood) 6-19 Previously we reported the 
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Fig. 3. Operative photograph demonstrates typical bleb. 
Fig. 4. Photomicrograph of bleb demonstrates absence of elastic lamellae n ar apex; only 
scattered elastic tissue fragments (arrows) are present (elastochrome; original magnification, 
40x). Inset: High-power view of apex of bleb confirms absence of elastic tissue elements. 
identification offocal outpouchings within the wall of 
aortic aneurysms atoperation; subsequently, we were 
able to detect aortic blebs by CT scanning. Here, we 
postulate that these points ofwealcness may represent 
potential sites for aneurysmal rupture. 9 
Because blebs are often quite small, the CT 
protocol must be modified to detect them consis- 
tently. The physician, however, must be careful to 
distinguish them from normal anatomic structures, 
pathologic lesions in the soft tissues urrounding the 
infrarenal abdominal aorta, or artifacts of imaging. 
The origin of the inferior mesenteric artery (Fig. 2), 
periaortic lymphadenopathy, and volume averaging as 
a result of aortic tortuosity may be misinterpreted as 
blebs. Even with our current protocol of CT image 
acquisition (1-cm sections at 1-cm intervals), the 
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Fig. 5. A, Photomicrograph ofbleb demonstrates ypical findings offibrosis, inflammatory cell 
infiltrate of lymphocytes, macrophages, nd proliferation of capillaries (hematoxylin a d cosin; 
original magnification, 40×). B, Immunohistochemical st in of bleb wall demonstrates mac- 
rophages (CD 68; original magnification, 50×). C, Immunohistochemical st in of bleb wall 
shows capillaries adjacent to inflammatory cell infiltrate (factor VIII; original magnification, 
60×). D, Section ofbleb wall demonstrates T lymphocytes (CD43; original magnification 60x). 
Fig. 6. Compositemicrographofplaquefromaortaaffectedbyatheroscleroticocclusivedisease 
after hybridization tocz 1 (I) procollagen probe (HF-677) and counterstaining with hematoxylin 
and eosin. Positive signal is noted in myofibroblasts within the plaque. Box in A outlines area 
shown under higher magnification i  B and C. Arrows in B and C indicate corresponding cells 
in light- and dark-field images (original magnification: A, 200x; B, 400x; C, 400x dark field). 
actual incidence of blebs may be significantly under- 
estimated because of volume averaging effects. Al- 
though it is plausible to suggest that larger blebs are 
more likely to rupture than smaller ones, it is by no 
means clear how often undetectable l bs are the site 
of rupture. Although we did not detect multiple blebs 
by CT, multiplicity was often the case with direct 
examination of the aneurysm wall at surgery. But as 
with CT, the actual number of blebs is difficult to 
determine ven at operation because smaller lesions 
are often obscured by surrounding tissue or may be 
located in inaccessible sites. Posterior lesions often 
involve the anterior spinous ligament and may be 
firmly adherent to the vertebral column. 
In a recent study of the morphologic features of 
small aneurysms, Faggioli et al. 2° detected blebs 
during surgery in 12 of 123 patients who underwent 
elective resection (10%) and in five of seven patients 
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Fig. 7. Composite micrograph of aneurysmal aortic tissue after hybridization to c~ 1 (I) 
procollagen (HF-677) and counterstaining with hematoxylin and eosin. A, Typical inflammatory 
infiltrate is seen at junction of medial-adventitial border (arrow). Box outlines the area shown 
under higher magnification i B and C. B and C, Arrows indicate corresponding cells in light- 
and dark-field images. Under higher power, positive cells are identified in th  media. The positive 
signal is strongest near the inflammatory infiltrate and decreases with increasing distance from it 
(original magnification: A, 200×; B, 400x; C, 400x; dark field). 
with impending rupture (71%). Only three of 11 blebs 
present at surgery were detected by CT (27%), and 
three of 12 were detected by digital subtraction 
angiography (25%). We were not able to verify the 
accuracy of CT in all instances because some patients 
have not yet had resection. The report by Faggioli et 
al. and our current study demonstrate hat further 
careful correlations of CT with operative findings will 
be necessary before the significance of blebs as pre- 
dictors of rupture can be fully assessed. 
The cause of aortic blebs remains unknown. A 
number of factors, including occlusion of vasa va- 
sorum, an autoimmune r sponse, or a focal nidus of 
infection by some as yet unidentified bacterial, viral, 
or fungal pathogen might conceivably explain the 
focal nature of these lesions. In our earlier studies, 
blebs were examined for the presence of bacteria, 
fungi, and spirochetes. We were unable to detect any 
pathogens in the specimens evaluated. 9 
The frequent occurrence in proximity to blebs of 
lymphocytes, plasma cells, and macrophages, known 
to produce cytokines and growth factors that poten- 
tially weaken the elastin collagen matrix of the aortic 
wall, suggests hat hese cells may play some role in the 
pathogenesis of these lesions, zl-2s Van der Wal et a1.,24 
in a study of intimal rupture in coronary arteries, 
observed achronic inflammatory cell infiltrate at the 
site of rupture or erosion in each instance. 
Although we have not yet phenotyped the T 
lymphocytes observed in aneurysmal tissue and blebs, 
recent observations that T lymphocytes produce lym- 
phokines that either inhibit or promote collagen 
synthesis lend credence to the role of these cells in the 
cause of these lesions. 23 Whether the chronic nflam- 
matory cellular infiltrates represent an autoimmune 
response or a reaction to slowly released egradable 
particulate matter or soluble antigens remains to be 
determined. 
Previous work has demonstrated that 0~ l (I) 
procollagen mRNA expression is increased in AAA 
t issue.  26 This likely represents a compensatory e- 
sponse to increased wall stress and perhaps increased 
proteolysis. The absence of identifiable hybridization 
to c~ 1 (I) procollagen mRNA around blebs suggests 
the hypothesis that a local failure of compensatory 
responses contributes to bleb formation. 
Although the significance of blebs within the wall 
of aortic aneurysms i  unclear, their histologic har- 
acteristics, including the nearly complete absence of 
elastic tissue at the apex of the blebs, supports their 
potential role in aneurysm rupture. The residual wall 
of these blebs consists almost entirely of collagen 
fibers, which are subject to the same wall tension as the 
adjacent intact aneurysm wall. In this context, the in 
vitro observations of Dobrin et al. 27 are of interest. 
Using explanted human external iliac arteries, they 
demonstrated that when elastase-treated v ssels were 
dilated to 107% to 114% of baseline size at 100 mm 
Hg they remained intact; however, t eatment with 
collagenase, which also caused vessels to dilate, led to 
rupture. 
The presence of neutrophils in AAA tissue sur- 
rounding the rupture site is intriguing and suggests a 
possible scenario for the events leading to aneurysm 
rupture. Neutrophils are recruited in a complex 
process that involves increased expression of receptors 
on the neutrophil, which increases its responsiveness 
to cytokines elaborated at the site of injury. This 
process occurs over several hours. 28'29 Although an 
intense inflammatory esponse is present in walls of 
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Fig. 8. A, Photomicrograph of aortic bleb after hybridization to 0~ 1 (I) procollagen probe 
(HF-677) and counterstaining with hematoxylin and eosin. A lymphocytic nfiltrate is seen in the 
aortic wall adjacent to a bleb (arrow). B, Despite prolonged exposure, no specific binding of the 
probe to ~ 1 (I) procollagen mRNA could be identified (original magnification, 400×). 
unruptured AAAs, neutrophils arc rarely observed 
among the abundant lymphocytes and macro- 
phages.22 The presence ofneutrophils in the infiltrates 
at sites o f  rupture suggests that a subacute local 
inflammatory process may precede rupture. 
No  data have yet demonstrated that the presence 
of  blebs is an independent risk factor for rupture. 
The not- infrequent rupture of  small aneurysms 
makes it quite apparent that size alone is not the sole 
determinant in the local failure of  the arterial wall. s° 
We suggest that the marked attenuation f  elastic 
tissue at the apex of  blebs provides the focal site for 
rupture. 
We thank William Parks, PhD, Washington University, 
St. Louis, for providing the plasmids used to make the 
mRNA probes for in situ hybridization. 
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